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1. Agreements and discussion status in previous meetings
Agreements: (RAN1#87)
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
Agreements: (RAN1#88)
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping
Agreements: (RAN1#90)
· In order to identify PUCCH resource, at least following are known by the UE:
· PUCCH format
· Starting symbol in a slot
· Which slot(s) the PUCCH is transmitted
· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· No additional parameters are identified
· For 2-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,
· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· Sequence/code index
· OCC and, e.g., cyclic-shift
· [bookmark: _Hlk491366649]Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,
· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,
· FFS: details
· FFS: for transmit diversity
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
Agreements: (RAN1#AH NR3)
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined
Agreements: (RAN1#90bis)
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.
Agreements: (RAN1#90bis)
· The PUCCH resource for SR only transmission is semi-statically configured.
· The PUCCH resource for P-CSI only transmission is semi-statically configured
· FFS PUCCH resource allocation for semi-persistent CSI
Agreements: (RAN1#90bis)
· For short-PUCCH for UCI of more than 2 bits
· Only contiguous PRB allocation within a symbol is supported in release-15
· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:
· As a function of UCI payload size 
· Dynamic indication via DCI
· FFS the detailed determination method
· FFS the set of supported PRBs
Agreements: (RAN1#90bis)
· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 
· FFS:  DMRS structure between CDM and IFDM
· Considering the impact on channel estimation and power imbalance among UEs
· It will be denoted as a new format 
· Support multiplexing capacity of 2 and 4 users for long PUCCH for UCI of more than 2 bits with moderate payload using one PRB in Rel-15
· FFS design of OCC
· No RRC signalling is necessary 
Agreements: (RAN1#90bis)
· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 
· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission
· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively
· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)
· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination
And according to the agreement below in RAN1#90bis, it was agreed that a new PUCCH format will be introduced capturing long PUCCH with UCI of more than 2 bits with pre-DFT-OCC.
· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 
· FFS:  DMRS structure between CDM and IFDM
· Considering the impact on channel estimation and power imbalance among UEs
· It will be denoted as a new format 
· ……
The working assumption on PUCCH format definitions for this discussion can be summarized in the following table:
Table 1: Working assumption on PUCCH format definitions
	PUCCH format
	Number of symbols in a slot
	Number of UCI bits
	Pre-DFT OCC

	0
	1 – 2
	≤2
	N.A.

	1
	4 – 14
	≤2
	N.A.

	2
	1 – 2
	>2
	N.A.

	3
	4 – 14
	>2
	No

	4
	4 – 14
	>2
	Yes



Based on the working assumption, two email discussions were carried out after RAN1#90bis meetings.
[90b-NR-29]Email discussion/approval on how UE selects one PUCCH resource set from multiple configured PUCCH resource sets till 10/27 – Jia (OPPO)
[90b-NR-30]Email discussion/approval of the following table 10/27 – Jia (OPPO)
After intensive discussions until 27th Oct., the companies evolved in the [90b-NR-30] email approval agreed to capture the tables and notes below as consensus of RAN1. 
Agreements: (RAN1#90bis)
Table 1 contains the parameters configured in PUCCH resource sets. That means: For each parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used.
· Note 1: RAN1 needs to further study if the resources of some formats in Table 1 are jointly configured in a resource set.
· Note 2:In Table 1, a column for a PUCCH format corresponds to one possible entry of a configured resource set. An entry with “FFS: special values for implicit derivation” or “FFS if implicit derivation is also used” implies that RAN 1 has no consensus so far on if implicit mechanism or explicit signal is used to determine the corresponding parameters. If an implicit mechanism is used, the corresponding value range may shrink and/or a special value outside the value range may be added for indicating“implicit derivation”, or the configurability may be completely disabled.
· Note 3: RAN1 needs to further study if same or different sets of PUCCH resources in Table 1 are configured for PDSCH mapping type A (slot-based transmission) and type B (non-slot-based transmission).
Table 2 contains the semi-statically configured parameters. That means: A value would be configured for each  parameter in the following table.

Table 1: Parameters configured in PUCCH resource sets and their value ranges 
	
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	FFS: Starting slot
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	· 12 and 13;
· 0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	· 12 and 13;
· 0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	0 – 10
(FFS: special values for implicit derivation)

	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
	0 - [274]
	0 - [274]

	Number of PRBs
	Configurability
	N.A.
	N.A.
	√
	√
	N.A.

	
	Value range
	N.A.
(Default is 1)
	N.A.
(Default is 1)
	1 – [16]
	1 - 6, 8 - 10, 12, 15, 16
	N.A.
(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	On/Off
(only for 2 symbol)
	On/Off
	On/Off
(only for 2 symbol)
	On/Off
	On/Off

	FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	FFS
	FFS
	FFS
	FFS
	FFS

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	FFS
(for DMRS)
	FFS
(for DMRS)

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.

	Length of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	2, 4

	Index of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	0, 1, 2, 3


Table 2: Semi-statically-configured parameters and their value ranges
	
	PUCCH 
Format 0
	PUCCH Format 1
	PUCCH 
Format 2
	PUCCH Format 3
	PUCCH Format 4

	Number of slots
	Configurability
	N.A.
	Configured
	N.A.
	Configured
	Configured

	
	Value range
	N.A.
	1, y1, y2, y3
	N.A.
	1, y1, y2, y3
	1, y1, y2, y3



[90b-NR-29] also attracted an intensive discussions which was summarized in [2]. The starting point of the email discussion was the lasted discussion status on how UE selects one PUCCH resource set from multiple configured PUCCH resource sets was presented in the latest summary of offline discussion during RAN1#90bis [1]. The proposal from the offline discussion was below. And an example of Alt.1 is illustrated in Figure 1.
Down-select from following two alternatives:
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC). (E///, ZTE, MTK, Pana, HW, OPPO, DCM)
· K PUCCH resource sets. PUCCH resource set i for UCI [Ni ~ Ni+1-1] bits (i=0, …, K-1). 
· N0=1.
· N1=3.
· FFS: value of K. (Example: K=4)
· Ni (i >1) is minimum number of UCI bits for which PUCCH resource set is used. If K > 2 and 1 < i < K-1, Ni is semi-statically configured. (Example: N2 = 20; N3 =100)
· One of [x] PUCCH resources in the selected PUCCH resource set is indicated by the PUCCH resource indicator in DCI.
· FFS: One of the PUCCH resources can be implicitly derived .
· FFS: Some resource sets can be configured differently for PDSCH mapping Type A and PDSCH mapping Type B.
· FFS: Further restriction of the resource set based on signaling from gNB by DCI or MAC CE.
· FFS: Resource set selection based on UCI type.
· Alt.2: One or mutliple PUCCH resource set(s) for each format
· Alt.2-1 (Intel): Multiple PUCCH resource sets for each format
· Alt.2-2 (Nokia): Multiple PUCCH resource sets for each format with MAC CE indication.
· Alt.2-3 (QC): One PUCCH resource set for one format. Use RRC signaling to distinguish resource set for short and long PUCCH. Reuse the implicit PUCCH resource indication scheme for LTE PUCCH format 1A/1B for both long PUCCH with up to 2 bits HARQ-ACK and short PUCCH with up to 2 bits HARQ-ACK.
· FFS: enhancement of the implicit mapping function to avoid collision in the case of
· Multiple CORESET
· PUCCH MU-MIMO
· Alt.2-4 (LGE): Both short and long PUCCH resource sets can be configured to a UE. A threshould of UCI payload, e.g. 100 bits is used for the UE to select between the two resource sets.
[image: ]
Figure 1: Example of Alt.1
For RAN1#91 meeting, 16 contributions [1-16] address the PUCCH resource allocation topic. Following key issues are intensively addressed in the contributions which can potentially be further discussed and progressed in RAN1#91.

2. PUCCH resource set and resource identification
Regarding the construction of PUCCH resource set and corresponding resource identification approaches, two alternatives were considered during the offline discussion in RAN1#90bis meeting. Based on the contributions to this meeting and email discussions before the meeting, different companies expressed different views on the two alternatives.
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC).
· Alt.2: One or mutliple PUCCH resource set(s) for each format
However, also during the discussions, it was observed that the two alternatives are both workable and they are actually similar. They both allow UE to determine UCI payload sizes and support dynamic switching between short and long PUCCHs. The major difference is: Alt.1 mixes long and short resources in a resource set and uses the whole PUCCH resource indicator bitfield in DCI to indicate a resource in the resource set, while Alt.2 intends to avoid mixing the long and short P UCCH formats in a resource set. Under the umbrella of Alt.2, three sub-alternatives were proposed:
· Alt.2-1 spends some bits in the bitfield to indicate the resource set. 
· Alt.2-2 is to use the MAC CE instead of DCI bitfield for indicating the resource set. 
· Alt.2-3 introduces implicit mapping to enable a large number of configurable PUCCH resources to reduce the collision rate. 
· Alt.2-4 assumes it is sufficient to semi-statically configure PUCCH format for a given UCI payload size for a given coverage, thus can configure different resource sets for short and long PUCCH formats without consuming DCI bits for indicating the PUCCH format.
The major advantage of Alt.1 is enabling the unevenly distribution of PUCCH resources for short and long PUCCHs, which leads to a more flexible PUCCH resource allocation. The advantage of Alt.2 is simpler and generic with respect to specfications and implementations.
Hence rather than making a down-selection, a better working methodology is to focus the discussions on the following key issues. And it is per the discussion outputs to determine whether to down-select between the alternatives or designing a generic approach based on multiple alternatives.
· Key issue 1: Should UE implicitly determine which resource set to use based on the payload size?
· Key issue 2: Should the gNB be able to choose between the PUCCH formats or resources dynamically?
· Key issue 3: Is there an explicit information in DCI for indicating long or short PUCCH formats?
· Key issue 4: Is implicit mapping introduced?
1 
2 
2.1 Key issue 1: Should UE implicitly determine which resource set to use based on the payload size?
From the Tdocs for this meeting, companies’ views are belows:
	Company
	Answer
	Arguments/Proposals

	Huawei
	Yes
	if it is not good to allow UE to determine the resource set based on UCI payload size, then gNB could just configure one PUCCH resource set including more than one PUCCH formats then using DCI scheduling PDSCH to indicate the used PUCCH format.

	ZTE
	Yes
	UE and gNB can have a common understanding of the number of HARQ-ACK.

	vivo
	Yes
	

	LGE
	Yes
	in general, it seems to be reasonable that PUCCH resource set can be determined based on UCI payload size.

	OPPO
	Yes, but depends on robust DAI design. And explicit indication is not precluded.
	UE-side determination of payload type is desired. However, before a robust mechanism (e.g. enhanced DAI) is justified, the DCI indication should not be precluded.

	Nokia
	Yes
	

	Samsung
	Yes, but depends on robust DAI design. And explicit indication is not precluded.
	For explicit PUCCH resource indication:
· PUCCH format is implicitly determined by the UCI payload, if a robust DAI mechanism is used, otherwise, explicit indication of the PUCCH format is needed.

	Panasonic
	Yes
	

	Qualcomm
	Yes
	The ACK payload size is determined differently with normal and fallback DCI formats.
· No DAI is included in fallback DCI in common search space. For HARQ-ACK associated with PDSCH scheduled by fallback DCI, the payload size is determined by detected DL grants. 
· Normal DCI use a 3-bit DAI counter without total DAI indication to indicate PUCCH payload quantization.

	Ericsson
	Yes
	as long as such mismatches occur with a very small probability they can be handled by the gNB performing decoding on multiple hypothesized PUCCH resources.



It should be noticed that the answer to this question depends on if the DAI design is sufficiently robust to guarantee a correct UE-side determinication. This depends on discussions in other agenda items, e.g. HARQ, CBG-based transmission, carrier aggregation.
Draft proposals:
	Proposal 1:
· Allow UE to determine which resource set to use based on the UCI payload size. For this, a robust DAI should be designed. 



2.2 Key issue 2: Should the gNB be able to choose between the PUCCH formats or resources dynamically?
From the Tdocs for this meeting, companies’ views are belows:
	Company
	Answer
	Arguments/Proposals

	Huawei
	Yes
	NR should provide the flexibility to support dynamic changing between different PUCCH formats, same PUCCH format with different number of symbols and/or different number of PRBs.

	ZTE
	Yes
	gNB should be able to dynamically change the duration of PUCCH.

	LGE
	No
	we think dynamic switching of the PUCCH format is not necessary for a given UCI payload size. It is sufficient to semi-statically configure PUCCH format for a given UCI payload size for a given coverage.

	OPPO
	Yes
	Dynamic switching between PUCCH formats (incl. between payload types and between duration types) should be supported.

	Nokia
	Yes
	In addition to the avoidance of PUCCH collisions, there are also other situations where PUCCH resource configuration need to be changed (not only for HARQ-ACK but also for periodic PUCCH resources like SR) for a UE: 
· UEs will move in and out from cell, as well as change their RRC state, causing variations on the number of UEs connected to the cell. This means need to re-arrange the PUCCH resource configurations to reduce fragmentation of UL resources. 
· Path loss will change with the movement of UE. This means that UE may need change resources from short PUCCH to long PUCCH or vice versa.
· The number of actually reported HARQ-ACK bits changes in CA not only with scheduling decisions but also with the activation/de-activation of SCells. In the case that HARQ-ACK codebook is agreed to adapt to the number of active SCells, it is attractive to support also the adaptation of the used PUCCH resources to the number of activate SCells.

	Samsung
	No?
	Typically, not all UEs are configured with both short and long PUCCH format. For example, for power-limited UE, only long PUCCH format is configured. For non-power-limited UE, both short and long PUCCH format can be configured.

	Panasonic
	Yes
	



Draft proposals:
	Proposal 2:
· gNB is able to choose between the PUCCH formats or resources dynamically. 



2.3 Key issue 3: Are resources for long and short PUCCH formats separately configured in different resource sets or mixed in a resource set?
From the Tdocs for this meeting, companies’ views are belows:
	Company
	Answer
	Arguments/Proposals

	Huawei
	Mixed
	

	ZTE
	Mixed
	

	vivo
	Slightly prefer mixed.
	Alt. 1 is preferred slightly, i.e. UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size.

	OPPO
	Both can be considered
	The PUCCH resource configuration and indication approach can be down-selection between Alt.1 and Alt.2-1 or their combination.

	Nokia
	Seperately configured and indicated by MAC CE
	MAC CE signaling is used to select one active PUCCH resource set in each group of PUCCH resource sets.

	Intel
	Slightly prefer mixed. Seperately configured is agreeable.
	· Alt. 1 (PUCCH resource sets for multiple PUCCH formats) is slightly preferred due to more flexibility.
· Alt. 2 is agreeable as well, as it provides a cleaner design and is workable in practical scenarios.

	CATT
	Mixed
	Alternative 2 is more flexible to support resource set configuration due to sufficient resource sets. However, since resource set is defined by RRC signaling, dynamic switching from one set to another set is not easy. One possible method is to add bit indication for format selection. But it can’t make unevenly resource distribution for different formats. As one consequence, joint indication for format and resource may not be optimized as alternative 1.

	Samsung
	No clear preference in Tdoc. But prefer Seperately configured in email discussion
	

	Panasonic
	Mixed
	

	Moto, Lenovo
	Yes
	It is up to gNB scheduling strategy on whether and how to separate resource for different PUCCH format.
the PUCCH format (short or long) is identified implicitly by UE from COREST or search space.
To save control overhead, some bits are explicitly contained in the DCI and the rest bits are implicitly indicated via the PDCCH resource, which for example could be PDCCH OFDM symbol index, COREST or search space index and lowest CCE index.

	Ericsson
	Mixed
	



Draft proposals:
	Proposal 3:
· For a UCI payload range, gNB can configure different resource sets separately for short and long PUCCH formats, or configure a or multiple resource set(s) jointly for the both. 
· If different resource sets are configured separately for short and long PUCCH formats, the DCI is used to indicate the PUCCH format. 



2.4 Key issue 4: Is implicit mapping introduced?
From the Tdocs for this meeting, companies’ views are belows:
	Company
	Answer
	Arguments/Proposals

	Huawei
	Not for R15
	Considering the tight timeline for phase 1 in Rel-15, implicit PUCCH resource determination could be further studied later.

	ZTE
	Yes
	The PUCCH resource set includes a number of PUCCH resources, one of which is implicitly derived as a data channel resource (PUSCH/PDSCH) for the UE, the other ones of which be configured through higher layer signaling.

	LGE
	Yes
	If multiple PUCCH resource sets are configured for the PUCCH format, one of them can be determined by implicit manner (e.g., based on in which CORESET PDCCH is transmitted).

	OPPO
	Yes, but jointly used with explicit.
	Implicit mechanisms can be used jointly used with Alt.1/Alt.2-1. The starting point is partly deriving starting PRB from the corresponding CCE index.

	Nokia
	No
	In our view, such scheme might require an over provisioning of the PUCCH resources, which reduces the utilization efficiency of PUCCH. Furthermore, as multiple UE specific CORESETs could be configured in the same slot, and as multiple DL slots could transmit their HARQ-ACK feedback in the same uplink slot (flexible HARQ-ACK timing), this would require more PUCCH resources to be reserved to avoid collision, further reducing PUCCH utilization efficiency.

	Intel
	Yes, but jointly used with explicit.
	Implicit indication is jointly applied with the explicit indication by RRC and DCI, but not as an additional mode or to replace the explicit indication.

	CATT
	No
	The collision probability can be reduced to a very low value with the appropriate ratio of number of scheduled users to the size of the set of PUCCH resources. A set of 8 resources is adequate for a practical number of scheduled users.
No clear proof to justify DCI overhead benefit for using implicit scheme.

	Samsung
	Not for normal case
	implicit mechanism would be beneficial in some use cases, e.g., fallback or initial access. For normal cases, explicit indication is sufficient.

	NEC
	Yes, but jointly used with explicit.
	Starting PRB index is derived using either explicit or explicit+ implicit mechanism.

	Panasonic
	Yes, but jointly used with explicit.
	Starting PRB index, index of initial cyclic shift, and index of time-domain OCC can be derived using either explicit or explicit+ implicit mechanism.

	Qualcomm
	Yes 
(For normal DCI, jointly used with explicit. For fallback DCI, implicit mapping only.)
	Adopt the unified frame work combining explicit signalling and implicit mapping for PUCCH resource allocation as described in section 2 for all PUCCH formats.
· With X ARI bits and Y configured PUCCH resources for a particular UE, the PUCCH resources allocation for this UE may be determined according to the following three scenarios
· if ,by explicit signalling only 
· if  X=0, by implicit mapping only
· if X>0 and , by combination of explicit signalling and implicit mapping.

	DOCOMO
	No
	For NR PDCCH, since the problem is not changed from LTE PDCCH, if we go with implicit PUCCH resource determination based on CCE index, we need 2-bit ARO in the PDCCH. Therefore, DCI overhead cannot be saved.
With the CCE index based implicit resource indication, as long as all UEs share the same CORESET, no blocking happens. But in order to efficiently utilize uplink resource, PDCCH scheduler needs to take into account PUCCH resource allocation. Compared to explicit indication, this is further complicated for gNB.

	Moto/Lenovo
	Yes
	To reduce DCI indication overhead, support
· implicit indication of Starting symbol using CORSET or search space index for PUCCH format 1, 3 and 4
· implicit indication of Index of initial cyclic shift and Index of time-domain OCC using lowest CCE index for PUCCH format 1
· implicit indication of Length of Pre-DFT OCC and Index of Pre-DFT OCC using lowest CCE index for PUCCH format 4

	Ericsson
	Generally no
	If more resource sets need to be configured for better flexibility, additional  resource sets can be configured for different payloads.
Explicit PUCCH resource determination provides more flexibility in controlling key aspects such as latency and choice of PUCCH format.
FFS: One of the PUCCH resources can be implicitly derived.



Draft proposals:
	Proposal 4:
· If implicit mapping is introduced, it is jointly used with explicit configuration/indication.
· A unified frame can be considered, in which using implicit mapping or not is configurable.



Remaining issues:
· For PUCCH format 0 and 1, what parameters in the following list can be derived from CCE index of corresponding PDCCH?
· Index for identifying starting PRB
· Index of initial cyclic shift
· Index of time-domain OCC
	Company
	Arguments/Proposals

	OPPO
	The starting point is partly derivating starting PRB from the corresponding CCE index.

	Samsung
	If implicit PUCCH resource indication is supported, PRB, CS and OCC can be jointly derived from at least CCE index of PDCCH.

	Panasonic
	Starting PRB index is derived using either explicit or explicit+ implicit mechanism.


3. Starting slot indication
3 
3.1 Key issue 5: Is there a separate bitfield in DCI indicating starting slot
· The starting slot of PUCCH is indicated by a separate bitfield in DCI.
· Qualcomm, Huawei, OPPO, Samsung, LG, Intel, CATT, Panasonic (only for slot-based), vivo
· Bitwidth of the field:
· 2 bits (OPPO)
· 3 bits (Nokia, Qualcomm)
Draft proposals:
	Proposal 5:
· The starting slot of PUCCH is indicated by a 2-bit field in DCI other than PUCCH resource indicator.



3.2 Key issue 6: How is starting slot indicated? 
· Alt.1: DCI indication based on RRC-configured table.
· Huawei, Samsung, Panasonic
· Alt.2: DCI indication based on pre-configured table.
· NEC
· Alt.3: Direct DCI indication of norminal slot index + UE determination based on DL/UL assignment and/or SFI.
· OPPO
4. Remaining issues on configurability and value range
4 
4.1 Starting symbol
· Value range for short PUCCH for slot-based transmission,
· Symbol 12 and 13: Samsung, OPPO
· Symbol 0 – 13: ZTE, Ericsson. ETRI
· FFS: Panasonic (should be concluded in UE processing timeline session.)
· For long PUCCH, can starting symbol be implicitly derived, e.g. from DL/UL assignment, SFI, processing time, CORSET, search space index?
· Yes: Qualcomm, Panasonic, Moto/Lenovo
· No: Samsung
4.2 Number of symbols in a slot 
· Can number of symbols be implicitly derived from DL/UL assignment or SFI?
· Yes: Panasonic (special value(s) for implicit derivation is supported)
· No: Samsung (it is not robust to rely on SFI decoding or assume existence of SFI. And consider the case of multiplexing long PUCCH and sPUCCH in the same slot by TDM)
4.3 Index for identifying starting PRB 
· Value range: 0 – 274
· [bookmark: _GoBack]Support: Samsung, OPPO, CATT, Panasonic
4.4 Number of PRBs
· Value range:
· Samsung: 1 – 8
4.5 Frequency hopping offset 
· When frequency hopping is enabled, 
· The frequency resource of 2nd hop is semi-statically configured in the resource set.
· Samsung, OPPO, Nokia, ZTE, Ericsson, CATT, DOCOMO, NEC, vivo
· The frequency resource of 2nd hop is semi-statically configured differently from PUCCH resource set
· Panasonic, LGE
Draft proposals:
	Proposal 6:
· When frequency hopping is enabled, the frequency resource of 2nd hop is semi-statically configured in the resource set.



Remaining details for discussion:
· Configure a frequency hopping offset associated with each UL BWP?
· Configure a PRB index or a portion of BWP size?
· Value range?
4.6 Index of initial cyclic shift 
LGE: Initial cyclic shift value for DMRS of PUCCH format 3/4 is predefined without any configurability.
4.7 Other parameters
· Nokia: In case of PUCCH formats 2 and 3, the DMRS antenna port. This allows for spatial multiplexing of users.
· Ericsson: With respect to RRC parameters, there are few parameters that are agreed to be configured but the details related to their corresponding value range is missing. One is related to the CSI and SR configuration and the other is related to the maximum configured code rate per PUCCH format where for the latter we propose to reuse the LTE values.
5 
5. PUCCH resource allocation during initial access
	Company
	Arguments/Proposals

	Nokia
	· Define a few predetermined sets of PUCCH HARQ-ACK resources for the case when the dedicated resources are unknown to UE. 
· One of the predetermined sets is indicated to UE during random access procedure.

	Samsung
	When a UE is not configured a dedicated PUCCH resource, consider the following alternatives:
· implicit mechanism as in LTE, and Npcch1 is indicated by RMSI.
· explicit PUCCH resource indication by Msg 4.

	LG
	For initial PUCCH resource determination, the following options can be considered:
· Option 1: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is explicitly indicated.
· Option 2: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is implicitly determined.

	NEC
	· Use an explicit+ implicit mechanism to identify PUCCH resource for Msg4 HARQ-ACK feedback transmission to reduce signaling overhead and radio resource waste as follows: .
· Where  is the index of SB indicated in RMSI and  is the number of PRBs in each SB.  is a fixed number of cyclic shifts (e.g. 4, 6 or 8) within a PRB. If  is too large the scheduling of DCI for Msg4 for transmission can be restricted in first [y] CCEs to limit the size of the PUCCH resources for the initial access stage.
· For Msg4 HARQ-ACK feedback transmission, 1-bit should be included in the DCI scheduling Msg4 or RMSI to indicate either long or short PUCCH format.

	Intel
	· From network perspective, multiple common CORESETs can be configured by higher layers. 
· Association between PRACH resource set, common CORESET and a set of PUCCH resources for HARQ-ACK feedback of Msg. 4 can be defined and configured.
· One field in DCI can be used to indicate one PUCCH resource from configured resources for HARQ-ACK feedback of Msg. 4.

	CATT
	In the PUCCH resource indication of message 4 of RACH, RMSI is used to indicate one mapping relationship among SS block, preamble sequence and PUCCH resource set, and DCI is used to indicate the one resource index of selected resource set.

	Panasonic
	For resource indication for message 4 HARQ-ACK, following mechanism is supported.
· If Msg2 or 3 is non-slot scheduling, short PUCCH is used. If Msg2 or Msg3 is slot scheduling, long PUCCH is used.
· If Msg2 or 3 is non-slot scheduling, RMSI configures PUCCH resource set with short PUCCH. If Msg2 or Msg3 is slot scheduling, RMSI configures PUCCH resource set with long PUCCH.
· DCI in message 4 indicates index of PUCCH resource out of configured PUCCH resource set.
· If implicit mechanism is supported for normal HARQ-ACK transmission, similar mechanism is also used for message 4 HARQ-ACK.

	Moto/Lenovo
	Consider the following options for PUCCH duration type for Msg4 HARQ-ACK feedback
· Option 1: UE always employs a long PUCCH for Msg4 HARQ-ACK feedback, in order to avoid potential PUCCH coverage limitation and UE capability issues.
· Option 2: The PUCCH duration type for Msg4 HARQ-ACK feedback may change depending on operating conditions, e.g. the total number of Msg3 transmissions and/or MCS allocated to Msg3.
In order to avoid radio resource waste or PUCCH resource blocking from pre-configured common PUCCH resources, DL scheduling DCI for Msg4 can include information on allocated PRBs and an allocated sequence (e.g. a cyclic shift of a base sequence) for Msg4 HARQ-ACK feedback with limited signalling overhead.



6. PUCCH resource allocation for SP-CSI and A-CSI report
Proposals in contributions:
· Nokia: 
· Network configures [one/multiple] PUCCH resources for semi-persistent CSI.
· Proposal: MAC-CE signaling is used to activate/de-active PUCCH resource used for semi-persistent CSI.
· vivo:
· For A-CSI and HARQ-ACK transmission, two options can be considered.
· Opt.1: TDMed PUCCH transmission carrying HARQ-ACK and A-CSI. 
· Opt.2: Multiplexed HARQ-ACK and A-CSI on short PUCCH.
· For multiplexed HARQ-ACK and A-CSI on short PUCCH, PUCCH resource sets include at least one short PUCCH with large payload size. The same indication method can be used for without A-CSI trigger and with A-CSI trigger.
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